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Abstract
The scarcity of water affects many developing nations. Today, Morocco,
characterized by an arid and semi-arid climate, is approaching absolute scarcity
of freshwater availability of 730 m3/capita/year. The effect of the scarcity of
water is highly evident in rural localities, which are driven to rely on well
water and rainwater harvesting. Potability of alternative water sources is
uncertain as it is not monitored by municipal treatment plants.
The objective of this investigation was to study the quality and quantity of
drinking water in rural areas of Souss Massa region. Water samples collected
from seven study sites were sent to private laboratories for microbiological
and physicochemical analysis.
The results of the tests revealed that the drinking water in Agadir Ouguejgal,
Ben Anfar and Ait Said was unsafe for human consumption due to fecal
contamination. Concerning physicochemical examination, nitrate levels in
Touamal as well as iron levels in Agadir Ouguejgal exceeded the maximum
allowable concentration provided by the WHO and the Moroccan regulations.
This constitutes serious health risk to its population. To prevent disease
outbreaks and long-term illness in these areas, anomalies to Moroccan
Standards, should be addressed.
The scarcity of water is highly evident in Agadir Ouguejgal, where water
consumption is approximately 8 l/capita/day. With this amount of water
consumption, proper sanitation cannot be assured.
Statistically, a strong correlation was found between E. coli and total
coliform. Trend analysis demonstrated a downward trend on water balance in
the Souss Massa region.
To mitigate water quality issues in the Souss Massa region, a more
comprehensive investigation is mandatory which focuses on the exact source
of the pollution and measures that is applicable to rural villages.
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Sammanfattning
Brist på vatten påverkar många utvecklingsländer. I nuläget, Marocko, där
vattentillgången är begränsad, närmar sig absolut vattenbrist med
färskvattentillgången på 730/person/år. Effekten av brist på vatten är mycket
tydlig bland rurala områden, där invånarna behöver förlita sig på alternativa
vattenresurser exempelvis brunnsvatten och regnvatten.
Det huvudsakliga syftet med detta arbete är att studera dricksvattenkvalitén i
rurala områden inom Souss Massa regionen. Målet är att utifrån kunskap
bedöma om huruvida dricksvattnet från studieområdena är tjäntligt.
Vattenprover från sju olika studieområde har legat till grund för samtliga
analyser, mikrobiologiska, fysiska-kemiska och statistiska analyser.
Resultatet av mikrobiologiska analyserna visade att dricksvattnet från Agadir
Ouguejgal, Ben Anfar och Ait Said var otjänligt på grund av indikation av
fekala kontaminering. När det gäller kemiska testerna överskred vattnet från
Touamal högsta tillåtna nitrathalten och Agadir Ouguejgal högsta tillåtna
järnhalten som fastställdes av Världshälsoorganisationen (WHO) och den
marockanska myndigheten. Dessa avvikelser innebär en hälsorisk hos
invånarna
När det gäller vattenkvantitét var vattenbristen högst tydligt i Agadir
Ouguejgal med vattenkonsumptionen på 8 l/person/dag. Med denna mängd
vatten kan hygieniska aspekterna inte säkerställas.
Den framtida prognosen för vattenbalansen i Souss massa regionen tydde på en
nedåtgående trend. Detta förväntas påverka framtida vattentillgänligheten i
regionen. Korrelationsanalyserna visade på en stark samband mellan E. koli
och totala koliforma bakterier.
För att ta itu med vattenproblematiken i regionen krävs en grundligare
undersökning där fokus ligger på de exakta föroreningskällorna och de möjliga
åtgärderna som går att implementera i rurala områden.
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1 Introduction
The scarcity of water is a global concern affecting many developing nations. This
global issue which occurs when natural water resources are lacking or as a result of
inadequate water management, affects one-fifth of the world’s population.
According to the UN, nations with an annual water supply below 1 000 m3/capita
suffer from water scarcity, while absolute scarcity occurs with an annual water
supply of below 500 m3/capita (United Nations [UN], 2014). With 730
m3/capita/year, Morocco, characterized by an arid and semi-arid climate, is
approaching absolute scarcity (Boudhar A., Boudhar S. & Ibourk, 2017).
A growing population, urbanization and agriculture has led to an elevated water
demand in the country. The major consumer of water in Morocco is the agricultural
sector, in which 90% of the freshwater is utilized, compared to 6% of the
freshwater is used as drinking water and 4% is used in industry (Mandi & Ouazzani,
2013). Access to water in urban areas is 100%, whereas in rural areas it is 96%.
Many rural settlements in the country utilize groundwater as their main source of
water supply, for irrigation and domestic water. Saltwater intrusion and declining
water levels have been observed as a result of this overexploitation of aquifer. Even
quality of surface water is degrading due to the excess use of fertilizers as well as the
introduction of human and animal sewage (Schyns & Hoekstra, 2014).
Apart from the availability of water, the quality is also critical to satisfy human
needs. The lack of water treatment can cause contagious diseases. For instance, in
2013 diarrheal diseases were amongst the most mortal diseases in developing
countries, particularly in children (Hodge et al., 2016). Furthermore, metals
essential for human body, such as copper (Cu) and arsenic (As), may when in higher
concentrations cause health problems from difficulty to reproduce to cancer
(Kavcar, Sofuoglu, & Sofuoglu, 2009). Consequently, negative health effects of
water contamination are well known and can no longer be ignored.
The most secure source of drinking water is that originating from a municipal
treatment plant. However, for many rural villages, proximity to a water supply is an
immense barrier, forcing poor rural inhabitants to rely on other sorts of water
supply that are not well-monitored, for instance rainwater and well water.
According to the World Health Organization (World Health Organization [WHO],
2015), as of 2015, 8 out of 10 people still relying on unimproved water sources,
live in rural areas. Unfortunately, this is a reality for many remote rural localities in
Morocco.
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1.1

Problem definition

Although the effects of poor quality drinking water are well-known, there are still
rural areas, specifically in developing countries, where drinking water comprises a
serious health threat to its inhabitants.
Relationship between quantity and quality of water
Along with quality of water, the quantity of the available and utilizable water is also
essential. Unlike in locations where water is provided by a municipal plant, in rural
communities, the availability of water can be restricted. Assigning a specific
minimum water requirement per capita per day is complex as the volume of water
mostly depends on its availability, distance and time involved in its collection.
Nonetheless, the relationship between very low amount of water consumed and
increased health risk is evident as shown in some literature. According to research
(Howard & Bartram, 2003), “no access to water” pertains to those whose
consumption does not exceed 5 liter per capita per day (l/c/d). “Basic access to
water” includes those whose consumption does not exceed 20 /l/c/d. Within these
two groups, consumers are exposed to very high, respectively high health risk, due
to the fact that proper sanitation cannot be assured.
Diseases in rural communities present a major burden to public health, especially in
communities where poverty is prevalent. Therefore, sustainable and safe drinking
water should be of first concern.
Environmental issues
Aside from health-based issues, this investigation also reveals the environmental
status of water in the study locations. Analysis indicates the type of activity and
pollution that has taken place on-site in order to mitigate further deterioration of
water sources.
The right of inhabitants to sustainable and clean drinking water is mandatory. Thus,
the assessment of the quantity and quality of water is fundamental to sustainable and
safe potable water. There are numerous studies concerning water quality in Souss
Massa, more particularly groundwater. They are mainly on the grounds of assessing
its suitability in irrigation. In this sense, there is a need for research in regarding
other types of water supply in the area. The results of this study will serve as an
effective way to convey the current water situation in rural villages to policy makers
and water operators in the area.
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1.2

Study objective

The main aim of this report is to study the quality of drinking water in rural villages
in Souss Massa region, Morocco. This is to be able determine if drinking water in
the prospected study sites is safe from chemical and microbial contamination.
The following objectives will be included in this research:
 To define the components of potable water
 To estimate the amount of water that is available for drinking water
 To compare between results of the physicochemical as well as
microbiological tests to the drinking water guideline provided by the World
Health Organization and the Moroccan government
 To assess the relationship between studied parameters
 To suggest improvement on the proposal based, on the results of tests of the
water and water availability in the area
1.3

Delimitations

Seven rural areas in Souss Massa region were included in this research.
Consequently, only the quality of the water in those areas is treated in this study.
1.4

Target audience

One of the goals of this investigation is to be able to the relay current water situation
in rural villages in Agadir to policy makers. Most importantly, there is a hope that
inhabitants in the areas studied will benefit from this study, by receiving the essential
information delivered in this report.
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2 Background
In this chapter, the concept of the water cycle is presented. In addition, two
fundamental sources of drinking water are presented, surface and groundwater.
2.1

Water availability

Water is a fundamental element in everything that is viable. The human body
consists of 70 % water, which has the ability to carry nutrients throughout our
human system. Although water is mandatory in everything we do, it is scarce. Only
about 3%, which corresponds to 1 500 km3, of the total water on the surface of the
Earth is fresh water. The rest is unsuitable for extraction due to high salinity. Out of
1 500 km3, only 1% is available for extraction from different “water storages”, such
as ground and surface water (Lindström, 2013).
The water cycle or the hydrological cycle (Figure 1) illustrates variables which
affects amount of water which is stored or in movement. Solar radiation (heat)
transforms water from the ocean and turns it into vapor (evaporation), which in
turn rises and condenses as clouds in the atmosphere (condensation). From these
clouds water falls as rain or snow (precipitation), depending on the temperature.
Geographical location, climate and period of time plays a role on the amount of
vapor that transforms itself to precipitation or snow. Much of the rainwater reaches
water bodies, such as rivers and lakes, also known as surface runoff. Rainwater that
settles on land infiltrates beneath the surface of the Earth, either into subsurface
material, soil and rock or into the groundwater aquifer. A lesser amount of rainfall
is absorbed by plants through soil and is returned into the system again as vapor
(evapotranspiration) (United States Geological Survey, [USGS], 2017).

Figure 1: Water cycle, diagram of processes involved in the circulation of water (Tal, 2016)
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2.2
2.2.1

Raw water supply

Surface water

Surface water constitutes one third of the precipitation that drops over land.
Basically, due to gravity, rainwater reaching the ground and flows downwards along
channels and eventually into rivers and lakes. Like groundwater, there is a set of
determinants that dictates the volume of rainwater that settles as surface water, for
instance land use, topography and rain intensity (USGS, 2016). An important
terminology in this aspect is watershed (also drainage basin), which is defined as the
area or surface where surface runoff drains off and flows to its outflow point (Water
Information System Sweden [VISS], n. d.).
In contrast to groundwater, the high turbidity, organic matter content and microbial
pollution of surface water are more evident. An advantage of surface water is the
low content of minerals (Lindström, 2013). Nevertheless, since surface water is not
as secluded as groundwater, it is more susceptible to external pollution such as that
from agricultural runoff and from human effluents.
Today, there are a number of human-induced activities that affect surface runoff.
Man-made reservoirs store surface water to adapt to an increasing demand for
hydrological power. Moreover, due to impervious surfaces, urban runoff disturbs
the natural process of infiltration, and instead the surface runoff flows into
road/pavement drainages (Lindström, 2013).
Rainwater harvesting (RWH)
In places where both the groundwater and the surface water is unsuitable, rainwater
can be the only source of drinking water. Basically, surface runoff from flat or
sloping rooftops and low frequented street/pavement is accumulated and stored in
aboveground or underground tanks (Helmreich & Horn, 2009). Having storage
tanks nearby households, saves time and energy since long walks to fetch water is
avoided (Kahina, Taigbenu & Boroto, 2007). However, in semiarid regions, the
amount of rainwater can pose a deficit supply, due to the limited number of rainy
days.
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In the context of quality, there are several factors that can affect the quality of
RWH, topography, weather conditions, distance to pollution source, type of
catchment area, means of storage and management of the water (Kahinda, Taigbenu
& Boroto, 2007). For instance, nitrate in rainwater collected in rural villages, far
from industries and roads, is normally lower comparing to rainwater gathered in
industrial areas (WHO, 2011). Contamination can also come from the roofing
itself, depending on the material used. Additionally, rainwater may get in contact
with fecal pollution from animals if poorly protected, risking bacteria and viruses to
flourish. To prevent algae growth and mosquito breeding, a tight cover is
recommended for storage (Helmreich & Horn, 2009).
Rainwater harvesting is one of the alternative water sources for remote places
throughout Morocco. In the Marrakesh region, rural villages in the valley of Assif El
Mal is supplied by rainwater and water from the river (Aziz et al., 2016). Similar to
Agadir Ouguejgal, water is stored in cisterns from wherein residents collect their
water. The present study aimed at investigating the microbial quality of water in the
area and its health effects. With the help of a questionnaire and molecular biological
techniques, a clear correlation between quality of water and health status of the
villagers was found. One of the most prevalent bacteria, which occurred in the
analyzed water was Escherichia coli (E. coli), which contributes to health problems
among villagers.
2.2.2

Groundwater

Groundwater is an important source of domestic water and constitutes a large
amount of freshwater withdrawal. As mentioned earlier (see water cycle), surface
runoff seeping through soil undergoes infiltration. Depending on a number of
factors, such as intensity and duration of precipitation as well as soil characteristics,
a part of it penetrates the water table (unsaturated zone) and replenishes
groundwater aquifer (saturated zone). Unlike the unsaturated zone, saturated zone
does not have a capillary force that prevents water from being withdrawn. Instead,
the pressure in the saturated zone helps water to flow into the well, making well
water accessible (Alley, Reilly & Franke, 1999).
One major rationale behind using for groundwater is its high quality. Naturally,
groundwater has a relatively low level of bacterial contaminants, due to several
layers of soil and rock formations which need to be infiltrated. Chemicals that
intermittently exist in high concentrations are iron (Fe3+ and Fe2+), manganese
(Mn2+), chloride (Cl-), nitrate (NO2-3) and fluoride (F-). In general, groundwater
contains more Ca (Ca2+) and magnesium (Mg2+) than surface water, which affects its
hardness (Lindström, 2013). However, still, implications of human activities on and
around groundwater deposits play a significant role in the quality of groundwater.
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According to groundwater budgets, without human manipulation, the amount of the
water inflow to aquifer is equilibrium to water outflow. However, humans have
altered this pattern by pumping groundwater. Today, groundwater is a major source
of water for agricultural, domestic and even industrial purposes. One of the most
evident impacts of groundwater overexploitation is declining water level, which
decreases the availability of water to the point at which water is unattainable (Alley
et al., 1999). Most importantly, this in turn can lead to saline intrusion, thus
deterioration of water quality (Bouchaou et al., 2008).
A study (Lamrani Alaoui, Oufdou & Mezrioui, 2007) using similar approach has
been accomplished, using well water and focusing on bacterial (e. g., fecal coliforms
and fecal streptococci) as well as physiochemical analysis (e. g., Na+, K+, Ca2+ and
Cl-). Water collection composed of 16 different wells in Jbilet and Tensift region in
north of Marrakesh. One of the key results of the research is that, distinct
contamination on many of the wells were detected, that may constitute health risk
for consumers. Direct correlation was found between fecal coliform and
streptococci as well as between fecal coliform and non-O1 Vibrio cholera. Physical
factors such as the lack of protection and potential sources of contamination were
pointed out as main contributors to the problem.
Well water
Well water is extracted by digging a well underneath the surface of the earth to the
groundwater aquifer. Well water is easily accessible and the cost of installation is
modest, thus it is suitable for rural settlements who do not have access to the
municipal water supply. There are three different types of well depending on depth
and method used in drilling. Dug well is the most primitive type and generates a
lesser amount of water. It also presents the highest risk for pollution such as
agricultural runoff. Driven and drilled wells are more modern and common today.
2.3

Water quality

In this section, variables in microbiological and physicochemical tests that are
relevant for this study is presented. Further, importance of storage and distribution
of drinking water is explained. To be able to analyze and discuss the role of these
parameters in quality of drinking water, overview of each variable is included.
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2.3.1

Microbiological parameters

By the middle of the 19th century, John Snow (Tuthill, 2013, cited in University of
California Los Angeles [UCLA], n. d.) established the connection between
waterborne diseases and contaminated drinking water. Even today, detection and
enumeration of fecal indicator organisms remain to be the most used and reliable
way to examine and determine the microbiological quality of drinking water. In
other words, the presence of a fecal indicator demonstrates contamination from
human and animal sewage (WHO, 2017). These fecal indicators have an essential
role in public health, since they show potential risk of consuming the water to
human health.
Coliform bacteria
Coliform bacteria includes bacteria that are able to grow at 37 °C in presence of bile
salts. It is demonstrated by the production of acid and gas from lactose. This group
of bacteria includes genera Citrobacter, Enterobacter, Escherichia, Hafnia, Klebsiella,
Serratia and Yersini (Horan, 2003). Nonetheless, there are bacteria within this group
that are not of fecal origin. In case of drinking water quality, fecal coliform is
significant as it is solely found in human and animal intestine (Madigan, Martinko,
Bender, Buckley & Stahl, 2015).
Escherichia coli (E.coli)
Escherichia coli is widely selected as an indicator for fecal pollution. E. coli, and others
such as Klebsiella and Enterobacter, emerge from a group called coliform group (see
coliform bacteria). Typical for E.coli, a Gram-negative and rod-shaped bacteria, is the
ability to ferment lactose at 44 – 45 °C in presence of lactose. If present in most
optimal environment, E. coli is long lived since it is viable in drinking water up to 12
weeks (Edberg, Rice, Karlin & Allen, 2000). E. coli is a major cause to water-borne
diseases such as Gastroenteritis illnesses (Ashbolt, 2004).
E. coli is only found in intestines of humans and animals, making E. coli the most
suitable evidence of fecal contamination (Madigan et al., 2015). Unlike Klebsiella and
Enterobacter, however, when E.coli is consumed and get in contact with other parts of
the body such as urine bladder, it can provoke infection, which in some cases can be
fatal (Edberg et al., 2000). Because E. coli is strongly fermentative specie, during
analysis, it is important to use eosin-methylene blue (EMB) which allows strongly
fermentative species to be distinguished from weakly fermentative species. Also
EMB media is selective for gram-negative, lactose-utilizing bacteria (Madigan et al.,
2015). Internationally, there is a mutual understanding that E. coli is the most
suitable indicator of fecal contamination in drinking water (Hachich, 2012).
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Intestinal Enterococcus (IE)
Although E. coli is often used as indicator organism, there are other microorganisms
tested to complement the test for E. coli, such as Intestinal Enterococcus. IE is a
subgroup composed species, Enterococcus faecalis, E. faecium, E. durans and E. hirae,
directly associated with fecal contamination (WHO, 2017). Like E. coli, IE are also
found in feces of humans and warm-blooded animals. An advantage of this
microorganism is that their survival time is longer than that of E.coli (Figueras &
Borrego, 2010). Further, they are twice as resistant to disinfection compared with
fecal coliform (Madigan et al., 2015). To detect the presence of these bacteria,
membrane filtration is often used (Figueras & Borrego, 2010).
Total coliforms
These are gram negative, red-shaped bacteria capable of fermenting lactose in
presence of bile salts at 35 to 37 °C. This is manifested by visible acid and gas in
Durham tube. Total coliforms are present in warm-blooded animals and thus
indicate fecally polluted water (WHO, 2017). On the other hand, as there are total
coliforms that are introduced by non-fecal origin, such as from soil and vegetation,
it does not necessarily mean that water is non-potable. In the same manner with
viable count by incubation, the number of total coliforms is not an indicator
organism but can reveal treatment efficiency (WHO, 2017).
Viable count by incubation at 22° C and 37° C
Total viable count at 22° C and 37° C is a mandatory water monitoring test along,
performed to augment other tests mentioned above. It preliminarily shows potential
microbiological activity or discrepancy in water quality. Microorganism detected do
not necessarily show fecal pollution and do not have negative health implications
(WHO, 2017).
Sulphite-reducing Anaerobes (Clostridia)
Sulphite-reducing Clostridia, a group of bacteria, are classified as secondary
indicator bacteria since they are commonly found in soil or plants, apart from in
fecal matter. These microorganisms are highly resistant to disinfection and have the
ability to reduce sulphite (SO32-) to sulphide (H2S) at temperature of 37° C (WHO,
2017). Clostridium perfringens, a specie within this class, is as a part of human and
warm-blooded animal intestine. C. perfringens is used only when fecal coliforms and
fecal enterococci are not detectable (Horan, 2003).

15

2.3.2

Physicochemical parameters

Mentioned below are parameters that were assessed in the physicochemical
examination. The desciptions below include information that are relevalant, to bea
able to understand the role of each parameter to the quality of the drinking water.
Potential of hydrogen (pH)
pH is an indicator of concentration of hydrogen ion in a water sample. Pure water
has pH of 7, but depending on environment concentration of hydrogen may vary.
Normally, these variations do not have direct impact on users. One of the negative
effects of extreme values of pH is corrosion in distribution network, which in turn
can damage pipes and cause contamination (WHO, 2017).
Electric conductivity (EC)
Water supply may contain dissolved solids from its environment. For instance,
presence of salt allows water to conduct electrical current. In other words, electric
conductivity indicates presence of pollutants in water, such as in cases when
groundwater is contaminated by runoff from agriculture. At levels up to 2 000
µs/cm water can have a laxative effect, if consumed (WHO, 2017).
Turbidity
Turbidity is a measurement of quantity of organic and inorganic compounds in a
water sample. By beaming a light through a water sample and examining how the
light is spread. Often afterwards, observed light emittance is compared to that of
reference water/solution (Lindström, 2013). Microbiological growth intensifies the
level of turbidity and may demonstrate pollution from animal or human origin
(National Food Agency, Sweden [SLVFS], SLVFS 2001:30)
Ammonium (NH+4)
Ammonium occurs naturally in raw water, often below 0.2 mg/l. Concentration
over 1.5 mg/l may give distinct odor. Higher levels of ammonium in water may
point to contamination from agriculture or sewage. In case of the presence of
extreme levels of ammonium originating from human effluents, it may reveal to
water-borne diseases, for example E. coli (National Food Agency, Sweden [SLVFS],
SLVFS 2001:30).
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Calcium (Ca+2)
Calcium is vital for the human body. Over 99 % of the calcium in human bones and
teeth functions as a principal element. Experts reveal that there are a number of
diseases associated with calcium deficiency rather than excess intake. For instance, it
causes Osteoporosis which is skeletal fragility. In addition, higher intake of calcium
shows lower risk for hypertension and stroke. In fact, in developing countries, low
intake of calcium is observed. However, evidence that calcium alone causes these
diseases is lacking as of today. Thereby, there is a need for further knowledge when
it comes to calcium intake. Concerning, distribution system calcium must be
regulated to avoid corrosion in water pipes. (WHO, 2009).
Chloride (Cl-)
Generally, chloride exists in natural water. Anthropogenic activities for instance
industries and sewage may raise the level of chloride in water. The recommended
free chlorine dosage in terms of chlorination prior to distribution of drinking water
is 0.5 mg/l. The amount of chlorine employed to the water should be sufficient to
ensure water that is free of bacteria from the facilities to the consumers (Madigan et
al., 2015). Overdose of chlorine can have negative impacts on taste and smell of the
drinking water. For the most part, the chloride content do not reach level that it
may constitute risk to human health (WHO, 2017).
Iron (Fe+2 & Fe+2)
Being one of the abundant elements, iron is important for human development. It is
present in all natural water, with a concentration ranging from 0.5 mg/l to 50
mg/l. Due to the transformation of insoluble to soluble iron taking place in soil and
rock formation beneath the surface of the Earth, higher concentration of iron is
found in groundwater than in surface water (EPA, 2001). The provisional maximum
intake of iron is at 0.8 mg/kg of body weight and the average lethal dose of iron is at
200-250 mg/kg (WHO, 2003b). Iron overload may cause cell damage and DNA
mutagenesis, which in turn can accelerate the aging process. Chronic iron overload
is the main cause of a hereditary disorder called Haemochromatosis. People affected
by Haemochromatosis are frequently asymptomatic until the age of 30. Symptoms
of Haemochromatosis are chronic fatigue as well as joint pain. To reduce the
amount of iron and prevent serious diseases such as liver cancer and diabetes,
patients with Haemochromatosis some blood is removed from their body regularly.
(Iron Disorders Institute, 2018). Levels of iron present in drinking water do not
usually pose health hazard to consumers (WHO, 2003b).
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Magnesium (Mg)
Along with other minerals, magnesium contributes to the development and the
maintenance of human health. Magnesium occurs naturally in ground and surface
water. In the human body, it plays a key role in enzymatic functions. There are
studies indicating advantages in increased intake of magnesium in relation with
cerebrovascular and gastrointestinal functions. Also, in India, a higher quantity of
magnesium is found to be beneficial in children as it is necessary during their growth
phase (Ong, Grandjean & Heaney, 2009).
Nitrate (NO-23) and Nitrite (NO-22)
Anthropogenic activities that give rise to nitrate and nitrite levels in environment
are artificial fertilizers, manure from animal farming and changes in land use.
Specifically, poor management of inorganic fertilizers and manure can allow
penetration of nitrate through soil, leading to NO2-3 contamination of the water
supply, specifically in groundwater sources (WHO, 2011). An investigation
(Tagma, Hsissou, Bouchaou, Bouragba & Boutaleb, 2009) carried out in SoussMassa basin, revealed that many wells were highly polluted by nitrate, of the
analyzed wells, 36% in Chtouka-Massa and 7% in the Souss region were polluted.
There are two sources of nitrate pollution in Souss Massa: diffuse pollution
(nonpoint source) and point pollution. Diffuse pollution is caused by excessive usage
of fertilization and in process of leaching in the soil ends up in groundwater.
Identifiable sources such as livestock farms and manure lead to point source
pollution (Tagma et al., 2008). The Souss region was less affected, nonetheless, this
revealed signs of further degradation of the groundwater quality in the area.
Moreover, once aquifer is polluted, it would not generate potable water for decades
because of the delayed and gradual process occurring in groundwater formation
(WHO, 2011).
In the human body, nitrate may be converted to nitrite, which can lead to higher
dose of nitrite. Such a case is seen in infants which are more susceptible to
Methemoglobinemia. Additionally, in the human stomach nitrite can form N-nitroso
compounds, which were found to be carcinogenic when tested in animal species.
Although, no direct evidence was found linking nitrite and cancer, correlation
between higher intake of nitrate and prevalence gastric cancer risk was observed.
There have been fatalities linked to high doses of nitrate by accident or through
medication among sensitive adults (WHO, 2011).
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Sulfate (SO-24)
Some of the major sources of sulfate originating from external anthropogenic
activities are mining, artificial fertilizers. When fossil fuel is combusted, sulfate is
dispersed into air which also act as transport vehicle until it ends up in acid rain and
surface water.
2.4

Other information

This subsection contains other information that are of importance, but do not fit in
with the earlier subsections. Water management, water-related diseases, other
pathogens, the Guideline for Drinking-water Quality and Moroccan Standard are
presented below.
Water management
In order to avoid disease outbreaks, it is important to construct sufficient barriers to
protect the water from any contamination. For instance, many families living in
rural areas produce crops and breed animals to supply their own needs. These are
clear sources of pollution, e.g., of human and animal fecal origin as well as
agriculture. In the guideline published by WHO (WHO, 1997), it is estimated that
the minimum safe distance (MSD) between a water source and points of
contamination is 10 meter. In addition, tools, e. g., buckets, ropes, used to lift
water from the well is also of great concern, as they can contaminate the well if not
used with precautions.
Water-related diseases
Many water-related diseases could be prevented by improved access to water and
proper sanitation. Yet, in developing countries they still occur often and are major
causes of death particularly in children (Hodge et al., 2016). Two of the most
prevalent diseases that are transmitted through ingestion of water are described
below:
 Cholera is a waterborne disease caused by the consumption of water and
food polluted by Vibrio cholerae, a Gram-negative and comma-shaped
bacterium . V. cholerae is present in raw seafood and excreta of people
infected by this disease. Cholera patients that are not treated have 25 -50%
risk of dying of Cholera (Madigan et al., 2015). The symptoms are nausea,
watery diarrhoea and vomiting. Africa alone accounts for 87% of the cholera
cases in the year 2000 (WHO, n. d.).
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 Typhoid fever is a result of ingestion of water infected with Salmonella typhi.
Globally, there are 16 times more typhoid fever incidences than that of
cholera with mortality rate of 12 – 30%. Typical symptoms of typhoid fever
are high fever, fatigue, abdominal pain and diarrhea (Schroeder & Wuertz,
2003).
Other pathogens
Aside from the bacterial pathogens that are found in fecally contaminated water (pp.
15), there are non-bacterial pathogens (viruses, pathogens and helminths) that may
contaminate the drinking water. For instance, many enteric viruses are responsible
for several waterborne outbreaks such as hepatitis, rotavirus and poliovirus.
Cryptosporidium, Clycospora as well as Microsporidia are examples of protozoan
parasites that are attributed to waterborne diseases (Huffman, Quinter- Betancourt
& Rose, 2003).
World Health Organization
One of the main objectives of the WHO is to provide framework that will ensure
the quality of drinking water that does not pose any health risk to the public,
including those vulnerable. To achieve health-based targets, risk assessment and
management must be comprehensive. This includes raised awareness on all
contingencies that may jeopardize public safety, from source to consumer. One of
contingencies that may exist in drinking water is presence of undesirable substances
or infectious organisms that may result in large scale disease outbreaks.
Moroccan Standard
The Moroccan Norm 03.7.001 is intended to set the regulation on water for human
consumption applicable to drinking water and water used for food preparation.
When assigning guideline values, WHO guideline was used as a reference point.
The Moroccan Standard is legally binding.
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3 Water situation
3.1

Souss Massa

Morocco is situated in northwest part of African continent and has a total area of
446 550 km2. Due to its geographical location, water resources in Morocco is
scarce. Additionally, limited rainfall, water intensive agriculture as well as degrading
quality of groundwater resources are key issues affecting water availability in the
country (Boudhar, Boudhar & Ibourk, 2017).
Geographically, Souss-Massa is located in the Middle Western part of Morocco and
covers an area of 53 700 km2. It has inhabitants of 2.67 million, whereas 38.7%
comprise of rural population. Given the massive area Souss Massa occupies and
influence from Sahara, Atlantic Ocean and relief of mountains, semi-arid and arid
climate is dominant in the basin. The plain of Souss where Agadir and its
neighboring cities are located, obtains 300-600 mm/year of rainfall, while Tiznit
and southwards receive 120-150 mm/year. Evaporation 2500 mm annually. Rainfall
occurs from November to March with high potential evaporation
Souss-Massa basin
Souss-Massa basin has the surface area of 27 000 km2, where 79% consists of
mountainous area and 21% composed of plain area. The basin is distinguished in two
different valleys, the Souss River and Massa River which in turn are subdivided
depending on its location. The part of the river which is of importance for this
research is, the lower part of Souss River from Oulad Teima to Atlantic Ocean
covers city of Agadir and Ait Melloul. Further, the Massa River which is located
70km south of Agadir is also accounted for, as most rural localities in discussed in
this research are situated there (Hssaisoune, Boutaleb, Benssaou, Bouaakkaz &
Bouchaou, 2016).
Groundwater from Souss-Massa is of imminent importance for drinking water
production in the region. Since most groundwater occurs in shallow aquifer, it is
chiefly used in the Souss Massa region. The volume of water originating from SoussMassa is 1,100 million m3, whereof 64% is groundwater and 36% is surface water.
There are a large number of boreholes in the region subjected for extraction of well
water. Overpumping is a major concern in the region and according to local
authority groundwater extraction is exceeded by about 260 m3 million annually (see
Table 1). As a result, depletion of the water table and saltwater intrusion have been
observed in several places in the region (Hassaisoune et al., 2013).
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Table 1: Water input and output in the Souss aquifer in million m3 (Hydraulic Basin of Souss Massa
Draa Agency [ABHSMD], 2007, cited in Marieme et al., 2017)
Souss aquifer
Aquifer recharge
Rainwater filtration
Water infiltration at river
banks
Irrigation water infiltration
Artificial recharge

1976

1979

1985

1994

1996

1998

2003

2007

66.2

62.8

57.8

31.3

105

29.7

39.6

31

88.7
14.3
-

208.5
13.7
-

50.2
8
-

17.3
102

490
80

31
17.4

199
15.8

160
4.5
9

3
48
220

3
48.8
337

3
43.7
163

3
46.2
108

3
192
870

3
174.9
256

3
65
323

3
60
268

22
8.2

19.9
60.5

15
0

19
0

142
0

16.4
0

4
0

4
0

Irrigation withdrawal of the
traditional irrigation district

116

73.7

11.1

65.4

33.8

67.6

Irrigation withdrawal by
pumping in the public and
private modern districts

250.6

278.1

365.4

375

431

488

519

521

Potable and industrial water
withdrawal
Total output
Total balance: Input-Output

8.1
405
-185

9.8
442
-105

16.8
408
-246

18.6
478
-370

30
637
233

41.9
614
-358

28.7
551
-228

26
555
-283

Upward leakage from deep
aquifers
Supply by aquifer junctions
Total input
Water withdrawal
Underground flow to the sea
Drainage downstream Souss

Water access and demand
Souss Massa is the most dominant in agriculture, which is a water-intensive industry,
and is highly dependent on it. This is apparent when looking at water usage in the
region (see Figure 2) (ABHSMD, 2016). In addition to approaching water scarcity,
the agricultural sector is the biggest competitor for using municipal drinking water
in terms of the quantity of water utilized.
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Water usage
5%

95%

Domestic

Agriculture

Figure 2: Water usage in the Souss Massa region (ABHSMD)

In 2017, the access rate of water among users in urban areas of Morocco is 100 %.
Meanwhile, National Authority of Potable Water (ONEP) succeeded in achieving
water accessibility rate of 96.4% in rural communities (National Authority of
Potable Water [ONEE], 2017).
One of the areas within the region with full access to drinking water is Agadir
municipality, being the largest urban area in Souss-Massa in terms of population.
Principal authorities responsible of delivering potable water are the National
Authority of Potable Water [ONEP] and Regie Autonome Multi Services D’Agadir
[RAMSA].ONEP sells bulk water to RAMSA which is in turn in charge of
distribution of drinking water to the consumer as well as sanitation of domestic
wastewater. In addition, surveillance of incoming water which includes control of
bacteriological and physiochemical substances in accordance to Moroccan guidelines
(RAMSA, n. d.a).
There are several municipal treatment plants in the region, treating raw water prior
to distribution to its consumers. The largest is Sidi Boushab station, located 38 km
north of Agadir. It acquires raw water from Abdelmoumen dam which is in turn
delivered to Greater Agadir and surrounding douars (small villages) as drinking
water. By 2015, Sidi Boushab station has the production capacity of 900 l/s
(RAMSA, n.d.b).
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Water treatment in Agadir
To be able to supply the urban and several rural areas with safe drinking water, a
series of treatments is applied to raw water prior to distribution. These procedures
are (RAMSA, n. d.c):
 Desanding
Presence of sand in machines can pose problems, for example clogging. It is
therefore important to remove all sand immediately.
 Flocculation
In order to remove fine and dissolved suspended materials in water, a
chemical agent containing positively charged ions is added to water. Since
most colloids in water are negatively charged, it enables adherence of small
particles into neutral, large-sized clusters (floc) (Lindström, 2013).
 Decantation
Decantation pertains to removal of solid particles by means of gravitation.
Basically, water flows into sedimentation basins and with the proper velocity
of water, shape and size of the basin as well as residence time, suspended
particles sediment on the bottom. As a result, water is then separated from
settleable solids and can therefore flow towards the outlet of the basin
(Lindström, 2013).
 Filtration
In this process, water flows into the filter material, usually made out of sand
with different sizes, and undergoes percolation. Only particles larger than
the space between sand particles can pass through the filter. In this way,
suspended particles are trapped inside the filter.
 Chlorination
Disinfection is widely-used to eliminate microorganisms that can be
transmitted in water and cause diseases. Normally, chlorine is applied to
neutralize living organisms, at the cellular level. Since chlorine can form
carcinogenic substances in presence of organic materials, it is often
implemented at the end of the treatment in when the organic material in the
water is as low as possible (Lindström, 2013).
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3.2

Study sites

This chapter contains information gathered about study sites where the water
samples were collected. Five out of seven sites are rural residences, and the
remaining two are farms situated in rural areas.
Afayane
Afayane is a small village situated in municipality of El Hallate, roughly 190 km from
the city of Agadir (see Figure 2). This rural settlement lies in a mountain range
called Anti Atlas at an altitude of 500 m. Pumped well water provides water to 5 to
10 households in the area.

Figure 2: Aerial photo of Afayane village (https://earth.google.com/web/)

Ait Said
Ait Said is a village located southwest of Agadir, in the municipal of Belfaa.
Touamal (Mylpro farm)
Situated in Touamal, southwest of Agadir, Mylpro is a farm with an area of 10 ha.
The estimated number of workers is 50. Like Frutas (pp. 30), there is one well that
is utilized in the area, generating irrigation and drinking water (C. Harrouni,
personal communication, 15 May 2015).
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Agadir Ouguejgal
The village of Agadir Ouguejgal is located in the southwestern part of Agadir built
on top of rocky mountain, with a latitude of 29.747813 and a longitude of 9.288811 at an elevation of 1 300 m. The population consists of between 40 to 50
households. Men travel to cities such as Agadir to earn money. A household of three
people can consume approximately 25 l /day (K. Larbi, personal communication,
26 April 2018). Since the amount of rain and number of rainy days can be restrained
some years, the village can then experience deficit problems. In this case, women
have to fetch water from the surrounding hilly terrain a few times a day to collect
water.
There are three water cisterns in the village, all of which are covered and built with
cement. Two of the cisterns were constructed adjacent to the mountain, hence,
allowing gathered surface runoff to flow into the open catchment (dam) and towards
the water cisterns (see Figure 3). Nearby two of the three water reservoirs are
ponds for animal breeding.

Figure 3: Man-made rainwater catchment

Figure 4: Sedimentation and filtration

Water treatment in the village is basic and does not involve the usage of chemical
and technical solutions. Both sedimentation and infiltration take place in the same
catchment areas used to gather water (see Figure 4). Sedimentation suspended
solids, sand and silt to takes place with the help of gravity. After sedimentation, the
water undergoes filtration. This takes place through a hole, constructed as a part of
water cistern. The hole is filled with soil or sand that acts as filtration material. In
other words, the same hole serves as the inlet to water cisterns.
Each and every household owns a bucket used to fetch water from the water cistern.
To collect water, buckets are lowered into the cistern. In order for water to flow
into the bucket, villagers are then forced to jostle the bucket in and around the
water cistern. If buckets and ropes are not properly used, this clearly allows
contamination to be introduced into the water cistern. There were visible
mosquitoes in the catchment area.
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Ben Anfar (Association Ihsan)
Ben Anfar village lies in the area of Laklia, approximately 25 km southwest of the
city of Agadir. The geographical location is 30° 17' 54.54' N, 9 °8' 26.11'V and
53m above sea level. Since 2016, out of 2250 households in the village, 1 350
households are supplied by National Authority of Potable Water [ONEP] with
drinking water. The remaining 900 households are supplied by a community well,
managed by Association Ihsan. Users are charged with 4 MAD/m3 (Moroccan
dirham) (1 MAD = 3.6 SEK). The volume of water utilized per household is 2.5 m3
to 25 m3 per month. There are cases several families live in same household, thereby
the high variation in usage volume per household (B. Milki, personal
communication, 15 May 2018).
The well utilized is 120 m deep, with a diameter of 35 cm and the water level is 80
m. Water is pumped automatically from a single well directly to an overhead water
tower (see Figure 5) and is distributed to households through pipes. Prior to
distribution, chlorine is injected into the pipe for disinfection. There are a number
of potential point source of pollution in the village, for instance animal raising.
Every household is equipped with pit latrine for disposal of human waste (B. Milki,
personal communication, 15 May 2018).

Figure 5: Well water tower in Ben Anfar village
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Ouled Mimoun (Association Ouled Mimoun)
One of the villages where samples were taken was Ouled Mimoun, which has a
geographical location of 30°10'50''N and 9° 33' 23'' W, and is situated 74 m above
sea level. There are around 550 households in the village, whereof 150 households
are secondary houses. The entire village relies on well water, provided and managed
by Association Ouled Mimoun, as their primary water supplier. Aside from the cost
of water per m3 which is 4 MAD/ m3 (Moroccan dirham) (1 MAD = 3.6 SEK),
users are also debited with maintenance and tax. The total water consumption for
the whole village normally ranges from 3000 m3 to 4400 m3, but is predicted to rise
during the summer because of secondary houses. Several activities in the community
are subsidized by the profit made by the association such as free bus to school in a
neighboring city (K. Alayoud, personal communication, 15 May 2018).
Today, the water supply system consists of three drilled boreholes (see Figure 6),
two boreholes are currently being used and one is a stand-by borehole in case of an
emergency. Drilled boreholes are 140 m deep, 35 cm in diameter with water level
of 70 m. After pumping, water is collected in one of the two water towers with
storage capacity of 75 m3 each. The distribution network is composed of 15 km of
pipes. Earlier, employment of chlorine tablets were employed for disinfection.
Complaints on the taste of water stopped the treatment (K. Alayoud, personal
communication, 15 May 2018).

Figure 6: Drilled borehole for extraction of well water in Ouled Mimoun

28

Takad (Frutas farm)
Frutas is a farm located in the rural area of Takad. There are 105-125 workers, out
of which 25 of them live on-site. Only one well is exploited for irrigation of 13 ha of
land and drinking water for all laborers. Water is pumped from a well and is stored
in a reservoir (see Figure 7). There is no treatment being employed. Today, the
amount of water that is being pumped from the well is declining. For that reason,
Frutas farm is in process of drilling a new borehole, given that they acquire
permission from the municipality (C. Harrouni, personal communication, 15 May
2015).

Figure 7: Well water reservoir at Frutas farm located in Takad
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4 Method and process
4.1

Selection of sample points

Study points were selected based on the primary source of water in the area. This
applies except for the village of Ben Anfar, as a major part of residences were
supplied by ONEP. Also, since this study focuses on the quality of drinking water in
the Souss Massa region, the sample points were selected on the grounds of their
location.

Figure 8: Map of study sites in the vicinity of Souss Massa
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4.2

Water sample collection

All water samples were collected within the rural region of Agadir, Morocco. A
total of nine (9) samples were gathered from seven (7) different water sources.
Samples were collected and stored in sterile glass bottles inside an icebox.
Afterwards, the glass bottles were placed in a refrigerator before undergoing
microbiological and physicochemical tests.
Table 2: Outline of collection points and corresponding type of source
Sample
1

1

Collection points

Type of source

Afayane

well water

2

Agadir Ouegejgal1

rainwater

3

Agadir Ouegejgal

2

rainwater

4

Agadir Ouegejgal

3

rainwater

5

Ben Anfar

well water

6

Ouled Mimoun

well water

7

Ait Said

well water

8

Takad (Frutas farm)

well water

9

Touamal (Mylpro farm)

well water

BC cistern

2

agriculture cistern

3

village center

4.3

Laboratory analysis

Due to the shortage of time and equipment, microbiological tests were carried out
by Inagritech a company situated in Ait Melloul, Agadir and physicochemical
analyses were done by LCA laboratory located in Casablanca. Rather the study
focuses on the results of the tests as well as interpretation of the findings.
4.3.1

Microbiological analysis

Table 3 on the next page shows the list of analytical methods that were carried out
in order to determine the microbiological status of drinking water in the study sites.
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Table 3: Overview of microbial parameters and conducted analytical procedure
Parameter
Colony count at 22° C
Colony count at 37° C
Total coliform

Method of Analysis
Colony count by inoculation in a nutrient agar culture
medium (NM ISO 6222-2007)
Colony count by inoculation in a nutrient agar culture
medium (NM ISO 6222-2007)
Membrane filtration (NM ISO 9308-1/2007)
Enumeration of Escherichia coli and coliform bacteria

Escherichia coli (E. coli)

Membrane filtration (NM ISO 9308-1/2007)
Enumeration of Escherichia coli and coliform bacteria

Sulfite-reducing Anaerobes
(Clostridia)

Membrane filtration (NM ISO 6461-2/2007)
Detection and enumeration of the spores of sulfite-reducing
anaerobes (clostridia)

Intestinal Enterococcus

Membrane filtration (NM ISO 7899-2/2007)
Enumeration of Intestinal Enterococci

Note:
NM: Methods according to Moroccan standard
4.3.2

Physicochemical parameters

Table 4 below presents the substances and analytical procedures that were
performed to give information regarding quality of drinking water in the study sites.
Table 4: Overview of physicochemical parameters and conducted analytical procedure
Parameter

Method of Analysis

Potential of hydrogen (pH)

pH meter

Electric conductivity (EC)

Electrical conductivity meter

Hardness

Titration

Alkalinity

Titration

Turbidity

Nephelometry (NF T 90-040)

Dissolved oxygen

Oxidation using potassium permanganate

Ammonium (NH4)

Flow analysis and Spectrometric detection (ISO 13395)

Calcium (Ca)

Atomic absorption spectroscopy (AAS) NF EN (ISO 7980)

Chlorine (Cl)

Flow analysis (CFA and FIA) and photometric or potentiometric detection (EN
ISO 15682)

Iron (Fe)

Flame spectrophotometer (FD T 90-112)

Magnesium (Mg)

Atomic absorption spectroscopy (AAS) (NF EN ISO 7980)

Nitrate (NO3)

Flow analysis (CFA and FIA) and spectrometric detection (NF EN ISO 13395)

Nitrite (NO2)

Flow analysis (CFA and FIA) and spectrometric detection (NF EN ISO 13395)

Sulphate (SO4)

Nephelometry (NF T 90-040)

Note:
NF: Method accoding to French standard
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4.4

Literature review

This report is based on parameter analysis as well as studies. Literature used in this
work is derived from a number of sources.
To obtain general knowledge about Souss Massa, the following search words were
used among those used: water scarcity, Souss Massa, drinking water quality.
Scientific database
A vast amount of data collected on the subject originated from scientific articles.
These were found through database searches Discovery, Google Scholar, and
Science Direct were used.
Publications of the government and organizations
To find relevant and credible literature regarding the current water situation on
both national and local levels, reports from the government and organizations were
utilized. For instance, the report of the World Health Organization regarding
drinking water quality (WHO, 2017) and report from the Hydraulic Basin of Souss
Massa Draa Agency about the Souss Massa region (Hydraulic Basin of Souss Massa
Draa Agency, 2016).
4.5

Processes

The two statistical methods that were performed in this study, correlation and trend
analysis, are presented in this subsection. Both statistical methods were carried out
using Minitab 18.
Correlation analysis
Pearson correlation analysis is used to determine if there is a relationship between
two parameters. The Pearson correlation coefficient (Pearson r) ranges from +1 to 1, depending on the strength of the correlation. In general, the following rules apply
(Minitab, n.d.a):
 Positive correlation (Pearson r = +1) is when both variables increases or
decreases
 Negative correlation (Pearson r = - 1) occurs when one variable increases
and the other decreases
 No correlation (Pearson r = 0) occurs when there is no relationship between
variables
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P-value (significa§nce level α) shows whether the result of the correlation analysis is
conclusive or not. The significance level is (α = 0.05).
 P- value ≤ α indicates that the correlation is conculsive
 P- value > α indicates that the correlation is inconculsive
Correlation analysis were performed using the data from the results of the
microbiological tests.
Trend analysis
Trend analysis provides information on how an event or parameter has developed
and will possibly develop over time, based on for example past-period data. In this
report, trend analysis on the water balance in the Souss Aquifer was executed.
The linear trend model, time series model, that is used when there is a constant
trend over time. It is a simple regression analysis in which the independent variable
is a time index variable (t). In cases when only recent/current trend is of
importance, a disadvantage of linear trend model is that it does not prioritize new
data from old data (Nau, n.d.).
The calculation of for linear trend model is based using equation (Minitab, n. d.b):
𝑌𝑡 = 𝛽0 + 𝛽1 𝑡 + 𝑒𝑡
Variable
β0: the constant
β1: mean change from the period to the next
t: time
et: error term
It is important to understand that trend analysis is not an accurate depiction of
future rather a projection of analyzed parameter. To know how accurate the trend
analysis is, these measurements are provided (Minitab, n. d.c):
 MAPE (mean absolute percent error) displays error in terms of percentage.
For instance, a MAPE value of 5 means that the trend analysis is off by 5 %.
 MAD (mean absolute deviation) conveys the size of error using same unit as
the provided data. Smaller MAD values indicate better accuracy.
 MSD (mean square deviation) is a measurement of error in quadratic term,
which also the reason for high MSD values.
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When it comes to the data used about the water balance in the Souss Aquifer, seven
annual historical data were used, from the year 1976 to year 2007, of different
intervals from three to nine years (see Table 1). The annual water balance for the
year of 1996 was not included because trend analysis is sensitive to short term
anomaly. In 1996, the Souss Massa aquifer did not experience water deficit which
was due to the increased amount of precipitation that year rather than the decrease
in water consumption (Minitab, n. d.d).
4.6

Data limitations

 Water collection was performed during the last week of April and the first
week of May, which means that seasonal variation is not taken up in this
research.
 There have been difficulties encountered in finding data from Morocco. The
majority of publications from Morocco were in French.
 Since microbiological and physicochemical tests were executed by external
laboratories, methods for analyses are not discussed in this study. Rather the
study focuses on the results of the tests as well as interpretation of the
findings.
 Due to the shortage of time, some study sites were not visited, Afayane, Ait
Said and Touamal (Mylpro). Instead, water samples from these places were
handed directly to Inagritech and LCA laboratory directly. As a
consequence, information about these areas was limited.
 When it comes to the detection of iron, both forms (Fe2+ and Fe3+) were
detected since it was not possible to distinguish each form using the Atomic
Absorption Spectrophotometer.
 When performing trend analysis on the water balance in Souss Aquifer, only
eight yearly historical data were used because of limited data.

35

5 Results
In order to delineate the quality of drinking water in rural areas in Souss-Massa, this
result section consists of three different subsections (1) “Definition of potable water
in accordance to WHO: guideline and Moroccan Norm of 03.7.001; (2) Outcome
of microbial and physicochemical test (3) Relationship between different parameters
5.1

Potable water

In this subsection, potable water is defined in accordance with the WHO guideline
(WHO, 2017) and Moroccan Norm of 03.7.001. Since WHO guideline is solely a
framework for water regulators at local and national level, it is not legally binding.
There are complications related to establishing an international guideline, as aspects
such as economy, health and environment may differ by country. Therefore,
drinking water regulations may vary depending on the country and the current
water situation.
In contrast to the WHO guideline (WHO, 2017), Moroccan Norm 03.7.001 is an
adaptation of WHO guideline and was established due to the interest of enforcing
regulation with regards to the quality status of water destined for human
consumption. The Moroccan Norm for drinking water is legally binding and should
be achieved prior to consumption (Moroccan Standard, 2006).
In the Guidelines for Drinking-water Quality published by WHO, specific guideline
values are assigned, enabling water operators to control and prevent elevated
concentrations of contaminants in drinking water. However, it is critical to
understand that the maximum allowable concentration (MAC) assigned in the
guideline, indicates the concentration of a substance that is safe to consume over a
period of a lifetime. Although MAC in the mentioned guideline serves as a reliable
reference point, WHO emphasizes the importance in taking into account
environmental, social, cultural and dietary aspects in incorporating the MAC into
the national and local water guideline (WHO, 2017).
Guideline values for potable water
In this compilation, guideline values are classified in three different groups based on
contaminants properties and nature. The guideline values established by both the
WHO and the Moroccan government were taken into consideration. It is important
to keep in mind that the parameters given in the tables below do not include all
parameters listed in both regulations. In case of the WHO, when assigning guideline
values, it was assumed the water consumption by an adult is 2 l/day and the default
assumption for body weight is 60 kg. All values given below are based on the daily
intake of water.

36

 Acceptability aspects
The factors that may have implication on the acceptability aspects of water are the
parameters that may affect taste, smell and odor of water. These parameters are
shown in table below (see Table 5). In addition to aesthetic grounds, it is important
to bear in mind that several parameters presented below are assessed because they
may constitute a health risk to the public.
Table 5: List of parameters that may affect acceptability aspects
Parameter

Unit

WHO1

Morocco2

Potential of hydrogen (pH)

pH

6.5 - 8.5

6.5 - 8.5

Electric conductivity (EC)

µs/cm

400

2700

Alkalinity

F

ND

ND

Hardness

F

ND

ND

Turbidity

NTU

5

5

mg/l O2

ND

5

Ammonium (NH+4)

mg/l

1.5

0.5

Calcium (Ca2+)

mg/l

75

ND

Chloride (Cl-)

mg/l

250

750

Iron (Fe2+ & Fe3+)

mg/l

0.3

0.3

Magnesium (Mg+2)

mg/l

50

ND

Nitrate (NO2-3)

mg/l

50

50

Nitrite (NO-2)

mg/l

0.3

0.5

Sulfate (SO2-4)

mg/l

250

400

Dissolved oxygen

Notes:
1

Guideline for Drinking-water Quality (WHO, 2017)

2

Moroccan Standard 03.7.001

ND: Not determined
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 Regulatory limits of heavy metals and other chemicals
The chemical substances listed below (see Table 6) may result in serious illness, due
to risk for bioaccumulation in human body. Some of the substances assessed can
even at a low level of exposure result to decreased cognitive and motoric function.
Most of the heavy metals assessed in this aspects occurs naturally in drinking water.
However due to human activities such as industries, higher concentrations of these
metals are found in drinking water, leading to acute to severe illness. Priority must
be given to monitoring As, Ba, B, Ch, F and Se, because presence of these chemicals
in high concentrations in drinking water are proven to cause large-scale health
hazard.
Table 6: List of chemical substances that may affect the quality of drinking water
Parameter

Unit

WHO1

Morocco2

Arsenic (As+3 )

µg/l

10

10

Barium (Ba+2)

mg/l

1.3

0.7

Boron (B+3)

mg/l

2.4

0.3

Cadmium (Cd+2)

µg/l

3

3

Chromium (Cr+2)

µg/l

50

50

Copper (Cu+2)

mg/l

2

2

Cyanide (CN-)

µg/l

500

70

Fluoride (F-)

mg/l

1.5

1.5

Lead (Pb+2)

µg/l

10

10

Manganese (Mn+2)

mg/l

ND

0.5

Mercury (Hg+2)

µg/l

6

1

Nickel (Ni+)

µg/l

70

20

Selenium (Se-2)

µg/l

40

10

Notes:
1

Guideline for Drinking-water Quality (WHO, 2017)

2

Moroccan Standard 03.7.001

ND: Not determined
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 Microbial aspects
Drinking water contaminated of viruses, protozoa and bacteria can cause adverse
effects on human health after short-term exposure. As mentioned earlier, the
presence of E. coli coliforms and other bacteria is an indicator of fecal
contamination. Some parasites and pathogenic bacteria associated with fecal
contamination are well-suited to life in water. An extreme effect of this exposure is
disease outbreak, and even death. Presented below is a list of indicators of
contamination (see table 7).
Table 7: List of microbial parameters that may indicate fecal contamination
Parameter
Colony count at 22 °C
Colony count at 37 °C
Total coliform
Escherichia coli
Sulfite-reducing Clostridia
Intestinal Enterococcus

Unit

WHO1

Morocco2

CFU/ml

ND

≤ 100

CFU/ml

ND

≤ 20

CFU/ml

Must not be detected in any
100 ml sample

0/100 ml

CFU/ml

Must not be detected in any
100 ml sample

0/100 ml

CFU/ml

ND

0/100 ml

CFU/ml

Must not be detected in any
100 ml sample

0/100 ml

Notes:
1

Guideline for Drinking-water Quality (WHO, 2017)

2

Moroccan Standard 03.7.001

ND: Not determined
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5.2

Results of microbial and physicochemical

Parameter values represent the water quality in the study sites. In this subsection, the outline of microbial and physicochemical is organized
according to location, along with the type of parameter. The first table concerns microbial analysis (see Table 8) and the second physicochemical
analysis (see Table 9).
Microbial analysis
Table 8: Summary of microbial analysis according to location and data were provided by Inagritech
Sample
1

Location
Afayane

Colony count
22 °C
CFU /100ml

Colony count
37 °C
CFU /100 ml

Total Coliform
CFU/100 ml

Intestinal
Enterococcus
CFU/100 ml

E. coli
CFU/100 ml

Clostridia
CFU/100 ml

1200

1100

0

0

0

0

870

230

170

110

350

9

1100

270

190

150

10

8

Agadir Ouegejgal3

370

190

120

72

57

2

5

Ben Anfar

74

32

180

160

120

0

6

Ouled Mimoun

170

140

0

0

0

0

7

Ait Said

240

210

94

8

3

8

8

Takad (Frutas)

15

4

0

0

0

0

9

Touamal (Mylpro)

5

4

0

0

0

0

2

Agadir

3

Agadir Ouegejgal2

4

Ouegejgal1

Parameter does not comply with the Moroccan regulation
Parameter does not comply with the WHO guideline
Parameter does not comply with neither the Moroccan regulation nor the WHO guideline
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Physicochemical analysis
Mg+2 (mg/l)

NH+4 (mg/l)

NO-23 (mg/l)
27.9

< 0.10

0.17

21

28

40.2

77

< 0.0005

Agadir Ouegejgal

8.06

137

<5

<5

0.3

1.2

11.9

< 0.10

0.13

10

18

2.6

17.0

0.463

Agadir Ouegejgal

2

7.96

163

<5

6.0

0.2

1.4

8.5

< 0.10

0.14

< 0.10

18

2.6

19.0

0.286

4

Agadir Ouegejgal3

7.90

122

<5

<5

0.5

1.2

7.7

< 0.10

0.14

< 0.10

12

2.4

16.7

0.093

5

Ben Anfar

7.74

1150

42.0

37.0

0.3

1.2

30.8

< 0.10

0.18

87

129

59.2

92

< 0.0005

6

Ouled Mimoun

7.77

1430

46.0

39.0

0.5

1.7

28.7

< 0.10

0.13

57

228

69.2

90.0

< 0.0005

7

Ait Said

7.50

1850

56.0

35.0

0.2

1.3

35.7

< 0.10

0.13

98

349

78.7

124

< 0.0005

8

Takad (Frutas)

7.47

1070

36.0

35.0

0.4

1.7

27.6

< 0.10

0.12

66

115

58

77

< 0.0005

9

Touamal Mylpro

7.48

1620

42.0

43.0

0.3

1.8

120.8

< 0.10

0.14

73

221

75.7

80.0

< 0.0005

3

Parameter does not comply with the Moroccan regulation
Parameter does not comply with the WHO guideline
Parameter does not comply with neither the Moroccan regulation nor the WHO guideline
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(mg/l)

1.2

Fe+2 & Fe+3

0.2

Ca2+ (mg/l)

35

Afayane

Cl- (mg/l)

26.0

2

Location

SO-24 (mg/l)

662

Sample
1

NO-2 (mg/l)

Dissolved O2
mg/l O2

8.16
1

pH

Turbidity
(NTU)

Alkalinity (°F)

Hardness (°F)

Conductivity
(µs/cm)

Table 9: Overview of test results obtained after the physicochemical examination by LCA laboratory

Afayane
Microbial analysis did not show any sign of fecal pollution in the village. However,
viable microorganisms are present in extremely high number comparing to the
Moroccan regulation, which states that even these numbers should be kept as low as
possible. The number of microorganism found during incubation of colonies at 37°C
was 55 times higher than those accepted according to the Moroccan regulation.
Out of 14 standards, only one of them did not meet the set MAC. EC in drinking
water contained 662 µs/cm, compared to 400 µs/cm allowed according to the
WHO guideline, which indicate that water was fairly ionized. Also, the highest pH
was found in Afayane with pH 8.16, although it did not exceed the pH 8.5 the limit
from in both guidelines.
Agadir Ouguejgal
In Agadir Ouguejgal, the fecal pollution was highly abundant. MAC from the WHO
guideline and the Moroccan regulation were exceeded in all categories, including
that of the indicator organisms E.coli and I. Enterococcus. Among all MAC, extreme
values within parameters I. Enterococcus (350 CFU/100 ml) and total coliform (190
CFU/100 ml) were found in BC cistern respectively agriculture cistern. When it
comes to E.coli, agriculture cistern contained 150 CFU/100 ml, which was only 10
CFU fewer than extreme value in Ben Anfar village. The highest value of Clostridia
was also found in the village with 9 CFU/100 ml.
Comparing to rest of study sites, Agadir Ouguejgal has lowest value in regards to
most of the physicochemical criteria, for instance EC value, hardness and alkalinity.
Also level of NO3-2, SO4-2, Cl-, Mg+2 and Ca+2 are considerably lower in all water
cisterns in contrast to other study sites. In context of Fe2+ and Fe3+, concentration is
significantly higher than the other study sites, whereof BC cistern with 0.463 mg/l
is above the set value of 0.3 mg/l.
Ben Anfar
The test had revealed that drinking water in Ben Anfar did not meet MAC in four
(4) out of six (6) categories, namely colony count at 37, total coliform, E. coli, and
I. Enterococcus. Highest number of concentration of E.coli (160 CFU/100 ml) was
detected in the village. Even water samples containing large number of total
coliform (180 CFU/100 ml) and I. Enterococcus (120 CFU/100 ml) were noted in
the village.
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In the context of physicochemical standards, the water sample from Ben Anfar had a
given value above the permissible value by the WHO guideline in regards to EC
value (1150 µs/cm), Mg+2 (59.2 mg/l) and Ca+2 (92 mg/l). The highest level of
NH+4, 0.18 mg/l was detected in Ben Anfar but it was not over the benchmark of
0.5 mg/l by the Moroccan Norm.
Ouled Mimoun
Similar to Afayane, Ouled Mimoun met qualification for potable drinking water in
most categories. Incubation at 22°C revealed 170 CFU/100 ml of cultivable
microorganisms while for incubation at 22°C 140 CFU/100 ml was found.
In Ouled Mimoun, none of the samples within the category of EC (1 430 µs/cm;
1440 µs/cm), Mg+2 (69.2 mg/l; 74.8 mg/l) as well as Ca+2 (90 mg/l) met the
guideline value provided by the WHO. All parameter values were below the limit
set by the Moroccan Norm.
Ait Said
As none of standard was met, prevalence of contamination is evident in Ait Said.
The colony count at 22°C and 37°C showed highest value form the village, in other
words 240 and 210 CFU/100 ml. Indicator organism for fecal pollution was also
present, namely E.coli (8 CFU/100 ml) and I. Enterococcus (3 CFU/100 ml).
The highest value within standards EC (1 850 µs/cm), Cl- (349 mg/l), Ca+2 (124
mg/l) and Mg+2 (78 mg/l) were detected in Ait Said, exceeding the set criteria
given by WHO guideline.
Takad and Touamal
Among all study sites, Frutas and Mylpro farm in Takad respectively Touamal
villages all criteria for potable drinking water concerning microbial analysis were
met. Water sample contained viable microorganisms but in very little amount.
Lowest number of colony count was found in Touamal with 5 CFU/100 ml for
incubation at 22°C along with 4 CFU/100 ml for incubation at 37°C.
Both farms qualified for potable water within most of the categories. However both
farms failed to meet MAC on EC value, Mg and Ca. Touamal did not meet the
reference point for NO-23 (120.8 mg/l) which much higher than values given by the
WHO guideline and the Moroccan Norm.
Others
All water samples contained cultivable microorganisms after incubation at 22°C,
ranging from 5 to 1200 CFU/100 ml while for cultivable microorganism incubated
at 37°C values range from 4 to 1 100 CFU/100 ml.
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5.3

Relationship between studied parameters

In this subsection, relationships between studied parameters are presented.
Microbiological parameters
The results of the correlation analyses (see Table 9) between E. coli, Intestinal
Enterococcus and total coliform indicated that there was a strong positive correlation
between E. coli and total coliform. There were moderate positive correlations
between E. coli and Intestinal Enterococcus as well as between total coliform and E.
coli. Visually, this is also demonstrated on the tables below (see Figure 9, 10 and
11). However, although there were moderate correlations between E. coli and
Intestinal Enterococcus as well as between total coliform and Intestinal Enterococcus, pvalues was over the significance level of α = 0.05 (see Table 9).
Table 9: The result of correlation analysis between E.coli, Intestinal Enterococcus and total coliform

Figure 9: Relationship between E. coli and total Figure 10: Relationship between E. coli and
Coliform by location
Intestinal Enterococcus by location
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Touama…
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Ait Said

Ouled…

Ben Anfar

Agadir…

Agadir…

Afayane

400
300
200
100
0

Agadir…

Total coliform and Intestinal
Entercoccus

Total Coliform
Intestinal Enterococcus

Figure 11: Relationship between total coliform and Intestinal Enterococcus by location
5.4

Trend analysis

Trend analysis is important to gain knowledge on future water situation.
Water balance in the Souss Massa region
One of the components that affects the quantity and quality of the drinking water in
the Souss Massa region is the availability of water. The projections (see Figure 13) of
groundwater situation in the Souss Massa region demonstrated a downward trend in
the water balance. The MAPE value for this analysis is 29.18 which means that there
is a 29% percentage error.

Figure 12: Trend analysis for future water balance in the Souss Massa region
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6 Analysis and discussion
This study tackles a global issue most noticeable in developing countries. Poor
quality of water may lead to contamination. Particularly in developing countries,
disease outbreak among rural localities reaches another magnitude when one
considers the quality of the public health services in these areas, which most
probably is substandard. In addition, many rural settlements are situated far away
from proper hospitals, for example Afayane and Agadir Ouguejgal. These variables
constitute heavier burden in areas already affected by poverty.
Every country and community has unique requirements and limitations. In some
cases, the WHO guideline values may be a source of bias as local conditions may
aggravate a country’s capability of complying with these standards. For instance, in
general, the well water in rural areas situated in the Souss-Massa region contains
high concentrations of ions, leading to the increased EC value. As a consequence, all
the well water sample did not meet criterion for EC level. Therefore, modification
of the standard values is necessary such as applying local or country-specific standard
values and in that way be able to adhere to it.
Concerning water availability, it is apparent that inhabitants in Agadir Ouguejgal are
victims of water scarcity. As mentioned earlier, quantity of water utilized is
attributed to lack of proper sanitation, which puts public health at risk. The
availability of drinking water is threatened by the Moroccan agriculture.
Microbiological analysis
The analysis revealed that a number of samples did not comply with MAC provided
by neither WHO nor Moroccan government. This compromises the health of
villagers in the area. Treatment and distribution of water is unknown in Ait Said.
In the village of Ben Anfar, where the water samples manifested sign of fecal
contamination, every household uses pit latrines to dispose human excreta. Despite
its advantages, if not properly maintained, excreta in pit latrines may cause
microbial contamination of groundwater supplies through seepage of pathogens such
as E. coli and I. Enterococcus. Such case was observed in two villages using pit latrines
in Pakistan (Nawab, Esser & Baig, 2017), where most water samples that were
collected were highly contaminated with coliform bacteria. The authors concluded
that the permeability of subsurface soil and design as well as the maintenance of pit,
played a significant role in preventing bacterial contamination of groundwater
supplies.
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Even, in cases of treated water, Horan (2013) revealed that bacterial regrowth can
occur in distribution system e. g. in biofilms. Another possible cause of presence of
bacterial pathogens is the ineffectiveness of chlorination. A research by Owoseni,
Olaniran and Okoh (2017) had revealed that at the free chlorine dosage
recommended by the WHO (0.5 mg/l), disinfection was ineffective in removing
bacteria. Furthermore, at same chlorine dosage, E. coli had a higher survival rate
which indicated that they had developed a tolerance against chlorine. Chlorination
was found to be most effective in eliminating E. coli at chlorine dosage of 1.5 mg/l.
The authors call for a review of the current recommended dosage. Source of fecal
pollution must be identified and addressed to ensure trust and human health in the
area.
In 2001, findings of a microbiological test conducted using water samples from
Agadir Ouguejgal demonstrated absence of fecal coliform in three (3) of seven (7)
tested samples. Positive samples generated fecal coliform, but in nearly nonexistent
numbers, ranging from 2 to 5 CFU/100 ml (see appendix A). Clearly, this validated
that rainwater is a decent source of drinking water and yet all water sample
collected in same location were highly contaminated. It is realistic to conclude that
human factor is the main cause of discrepancies in quality of water in the area. First,
there is no proper sanitation system. Human sewage is diverted with the help of
pipes from houses into the mountainous terrain, without further collection or
treatment. Second, most households breed animal for food and animal ponds are
located beside reservoirs. Moreover, each and every household has individual bucket
which is likely to introduce bacteria into the reservoir. A vital aspect to consider is
the lack of sufficient knowledge on effects of microbes in drinking water.
Physicochemical analysis
In the context of raw water and physicochemical analysis, there is a compelling
distinctions between rainwater and well water. For instance, MAC of rainwater in
most of the categories are either substantially lower or higher in comparison to well
water. For example, groundwater has a higher level of hardness, as it contains
significant amount of minerals such as Mg+2 and Ca+2. Type of water supply clearly
plays a role on the composition of drinking water, thus partially dictating which
drinking water requirements will be surpassed and met.
Amount of Fe in water in Agadir Ouguejgal exceeded the mandatory limit by
Moroccan standard. Iron is essential for human body. At this level, Fe may have
negative effects on acceptability aspects (taste). Spoken of earlier, for Fe provisional
maximum intake is at 0.8 mg/kg of body weight. However, considering the limited
amount of water available and consumed in Agadir Ouguejgal, this does not pose
any health risk.
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Frutas farm in Touamal did not meet MAC NO-3. Also stated earlier, nitrate can
cause serious health problems such as methemoglobinemia in infants, also known as
“blue babies”. A symptom is a peculiar blue-gray skin color, which if not treated can
lead to coma and death (Knobeloch, Salna, Hogan, Postle & Anderson, 2000).
Further, this was also confirmed in a research conducted in Moroccan areas (Sadeq,
2008), which showed that children consuming well water with the nitrate
concentration above 50 mg/l, were likely to suffer from methemoglobinemia. The
anomaly in this study is in consonance with a research executed in the Souss Massa
basin (Tagma et al., 2008), showing pollution in many groundwater wells. Although
the exact source of pollution is not investigated in this research, the probability that
the pollution is agriculture-induced is relatively high (Tagma et al., 2008). In order
to reduce nitrate level, these factors should be scrutinized.
Environmental issues
Currently, in Souss Massa many boreholes exhibit negative impacts of groundwater
overexploitation. As illustrated in table 1, Souss Massa experiences groundwater
deficit for many years, mainly due to irrigation water. As an example, in Frutas farm
in Takad, declining water table is observed which indicates excessive withdrawal of
groundwater. Furthermore, saltwater intrusion is observed in many parts of Souss
Massa (Bouchaou et al., 2008). To achieve sustainable farming and adequate water
for drinking water purposes, there is a need for alternative water sources that can
mitigate stress on groundwater sources.
Statistical analysis
Despite the moderate positive correlation between E. coli and I. Enterococcus as well
as total coliform and Enterococcus, p-values suggested that the correlations were most
probably inconclusive. On the other hand, this was contradicted by a previous
correlations which had shown strong relationships between E.coli and I. Enterococcus
as well as total coliform and I. Enterococcus in marine bathing beaches (Fan, Ming, Li
& Su, 2015). These outcomes may be due to the fact that E. coli degrades quicker
than for example, I. Enterococcus, which could survive longer (Fan et al., 2015;
Figueras & Borrego, 2010) and as mentioned earlier (pp. 31), water sample were
stored in a refrigerator before the microbiological analyses.

48

As seen on the result of the trend analysis, there was a severe imbalance between
water input and output in the region. Same problematic water situation was
predicted in the Moulaya river basin located in North-Eastern Morocco, where
decreasing rainfall, water-intensive agriculture and population growth were claimed
to be the main contributors to decreasing water balance (Tekken & Kropp, 2012).
With similar findings and using water footprint method, Schyns & Hoekstra (2014)
verified that Souss Massa river basin suffered from severe water scarcity. According
to Tekken and Kropp (2012), only water conservation can mitigate the problem in
water balance.
Data
To gain knowledge about water scarcity and its effects, one of the goals of this
assessment is to quantify water consumption per capita per day. This was only
feasible in Agadir Ouguejgal. In Ouled Mimoun and Ben Anfar, measurement of
consumption was carried out on accumulated water/household basis and not per
capita, whereof in a household one or more families can reside. Obtained
information in remaining study sites has been restricted. Constrained data has also
led to difficulty in proposing concrete and detailed improvement proposal.
The microbiological tests and physicochemical tests may also be sources of error.
Some examples were the methods used in the analyses, the time from collection of
water samples to analyses and the accuracy when doing the analyses.
Google Translate was used to translate publications in French which may lead to
inaccuracy in translation.
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7 Conclusions
In general, this study has accomplished its primary objective which is to determine
the quality of water in rural areas in Souss Massa region. Main conclusions that can
be drawn after this research are:
 Microbiological analysis has shown that drinking water in Agadir Ouguejgal,
Ben Anfar and Ait Said contains fecal contamination. Unless this source of
pollution is addressed, water is unsafe for human consumption in these areas
from health perspective.
 Concerning physicochemical analysis, most parameters were met by study
sites. Since there is a uniformity in EC level in all well water, the anomaly
may be caused by naturally occurring minerals in groundwater sources. This
demonstrates the necessity of modifying WHO: guideline value to nationalspecific values.
 Drinking water from Afayane, Ouled Mimoun and Takad is safe from human
consumption.
 Water scarcity is most evident in Agadir Ouguejgal, where water
consumption is extremely low. To rely on rainwater alone puts the area at
risk due to limited and unpredictable rainfall. Due to negative implications
of lack of access to water, other sources of water should be evaluated.
To address problems in the study sites, a comprehensive investigation regarding
the source of the pollution is mandatory. One of the key solutions to mitigate
the problems is improved water management. For instance, informative
measures regarding the effects of the contaminants particularly in poor rural
villages like some of the study sites in this study.
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8 Future work
The main objective of this study is to gain knowledge about the quality of drinking
water in rural areas of Souss Massa.
 The results of the microbiological tests using the water sample from Ben
Anfar, showed presence of pathogens despite chlorination. Some factors that
may explain the results have been discussed in this report. A study focused
on the exact source of the pollution will help addressed the problem.
 Presence of nitrate in drinking water is a serious threat to the health of the
workers in Mylpro farm as well as other farms in Takad. A study concerning
the extent of the contamination of nitrate as well as the exact source will
help mitigate the problem.
 One of the main obstacles for Agadir Ouguejgal and Ait Said is the fecal
contamination in water. There is a need for an investigation focused on how
to mitigate this problem. To achieve good results, the set of solutions that
will be applied should be materializable by small rural villages, for instance,
improvement in water management.
 In Agadir Ouguejgal proper sanitation is jeopardized due to limited water.
There is a need for alternative water sources in the village
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Appendix A

Figure 1: Result of microbiological analysis conducted on March 2001

C1

